An Analytic Network Process (ANP) modeling for a decision support system was proposed to identify suitable options for biomass energy plants using rice husk in rural areas of Thailand. In this attempt, direct combustion and gasifi cation systems for a biomass energy plant were evaluated. An ANP-based model was used to consider criteria, sub-criteria, and alternatives. Environmental and social problems were considered to construct the model. The ANP modeling used multiple criteria analysis and specifi c alternatives to clarify discussion points in decision making. The study area was selected based on the maximum availability of rice husk in the Suphanburi and Nakhonsawan provinces of Thailand. Prior to the fi eld survey, a focus group discussion and later a structured questionnaire were used to interview the respondents in the provinces. The ANP model was infl uenced by the policy for developing rural area support in Thailand. For criteria priorities, benefi ts-criterion and risks-criterion had the highest priorities. The ANP model results showed that the gasifi cation system was likely a better alternative than the direct combustion system in a cooperative scenario considering environmental and social concerns. In contrast, direct combustion was likely a suitable energy plant in an industrial scenario considering the benefi ts and economic issues.
Introduction

Overview of energy status in Thailand
Total electricity consumption in Thailand increased 10.4% from 2009 to 2010. During 2010, the total electricity consumption was 149,320 GWh (Electricity Generating Authority of Thailand (EGAT) 2011). According to the annual report from the Ministry of Energy, Thailand's demand for energy has maintained an increasing trend over recent decades, while the domestic energy supplies are limited. Therefore, Thailand relies on imported energy supplies. The total energy imported in 2010 increased by 11% from 2006. Almost all of the imported energy was from crude oil and coal. Fossil fuel prices have increased signifi cantly (Shafi ee and Topal 2010). Thus, the high imported energy consumption has generated a high level of foreign currency exchange and a fi nancial crisis in the country (Coffey et al. 2009, Shafi ee and Topal 2010) . Therefore, the government has been promoting alternative energy to support the energy demand.
One of the primary objectives of the government is to motivate renewable energy use at 20% consumption by 2022 (Sawangphol and Pharino 2011) . This policy will help to reduce energy imports, encourage use of domestic energy supplies for sustainable economic growth and reduce greenhouse gas emissions.
However, even though EGAT was established in 1969 and energy demand increases each year, 15.3% of households in rural areas of Thailand did not have electricity until now (Ministry of Energy 2009). Electricity inaccessibility has reduced the quality of life and increased the gap in living conditions between rural and urban areas. In this context, the use of renewable energy resources for electricity generation in rural areas is important for addressing electricity inaccessibility.
The potential for renewable energy in rural areas has been studied, and biomass is a potential source of renewable energy. The conversion of biomass is an issue that must be considered for use in electricity generation.
Decentralized electricity generation
Ninety-one percent of electricity generated in Thailand is primarily contributed from central electricity generation authority (EGAT 2011). The centralized system requires long transmission lines to the users and a stable structure to carry electricity from the source to the user. In certain areas, transmission losses are frequent. To generate energy more effi ciently and sustainably, the notion of decentralized electrifi cation has been recently introduced. Decentralized electricity is the generation of electricity within local communities and integrated with the distribution systems, including small power producer (SPP) with a capacity for producing electricity at 10-90 MW and very small power producer (VSPP) with a capacity for less than 10 MW. Biomass energy plants have great potential for supporting decentralized electricity. More recently, the ministry of energy has funded a community-based biomass gasifi cation system (Kumar et al. 2010) to promote decentralized electricity in rural areas that are considering renewable energy.
To promote renewable energy production, the government established a policy to encourage private sector power generation in 1992. The Energy Conservation (ENCON) program for renewable energy funding (Prasertsan and Sajjakulnukit 2006) comprised regulations for electricity purchases from SPP and VSPP (Srisovanna 2004 ). These regulations have motivated the private sector to introduce an energy plant from renewable energy sources. Over 700 SPP and VSPP licenses were approved with a combined potential for over 10,000 MW of green energy (Department of Alternative Energy Development and Effi ciency (DEDE) 2010). The government established the Power Development Plan of -2030 (PDP-2010 to ensure reliable energy supplies, reduced imported energy, and increased fuel diversifi cation. PDP-2010 was established to increase renewable energy use to 19% and reduce coal consumption to only 6.4% (Sawangphol and Pharino 2011) .
Moreover, the National Energy Committee (NEC) approved additional tariffs to encourage renewable energy investment by adding a tariff and a higher special purchasing rate for power generated from mainstream fuel purchases (Ministry of Energy 2009, Sawangphol and Pharino 2011) . The Thai government also devised incentive measures to encourage renewable energy use, such as tax credits, privileges and subsidies. The government also supports research and development on renewable energy and encourages participation from and partnerships between local communities on renewable energy plants. The government seeks to solve the problems by introducing renewable energy and uses many initiatives to promote renewable energy investment. Agricultural residues are considered one of the most valuable resources for popularizing the decentralized electricity system.
Biomass energy potential and conversion
Biomass energy sources in Thailand are derived from four primary agricultural residues: bagasse, rice husk, palm oil waste, and wood residues. The agricultural residues can be used as biomass for a biomass energy plant (DEDE 2010 , Srisovanna 2004 ). The potential for agricultural residues in 2004 was almost 44 million tons from 66 million tons of agriculture residues, which were unused and equivalent to 14,662 ktoe (Srisovanna 2004) . In the primary agricultural residues, rice husk is a major agricultural residue. Approximately, 6.17×10 6 ton/year of rice husk is produced as a by-product while processing at rice mills across the country. A biomass energy plant for energy generation using agricultural residues is considered an integrated community development that may solve the electricity shortage and manage the remaining rice husk. Approximately half the rice husk produced is currently consumed to produce, for example, heat, electricity, and soil conditioner (Kapur et al. 1998 ). Unutilized rice husk is lost to rot or burn in the open air, which causes environmental pollution and skin irritation for local residents (Ueda et al. 2007 ). The production of 2,500 GWh/year was estimated to use 3.05×10 6 ton/year of available rice husk based on a heating value of 14.7 MJ/kg and standard effi ciency for electricity generation (Srisovanna 2004 , Witichakorn and Bundhit 2004 , Ueda et al. 2007 , Utistham et al. 2007 . Two primary methods are used for biomass conversion in rural areas: direct combustion and gasifi cation systems.
Biomass energy plant
A direct combustion plant is the most common plant type for producing thermal energy and generates electricity through steam turbines, steam engines or other energy converters (Barz and Delivand 2011) . The direct combustion system in a biomass energy plant produces a large portion of the electricity using biomass (Kumar et al. 2010 ). This combustion system burns the biomass to generate hot fl ue gas, which is either used directly to provide heat or fed into a boiler to generate steam (Peterson and Haase 2009) . This system could be suitable for a large-scale energy plant with approximately 20-30% effi ciency.
A gasifi cation plant converts solid fuel into combustible gas by supplying a restricted amount of oxygen. The combustible gas is used to generate electricity through a gas engine. This gasifi cation system is a decentralized biomass electricity system that is supported by the ministry of energy in Thailand (Samudrala 2009 , Kumar et al. 2010 . Over the years, the biomass gasifi cation plant received adequate technology for distributing electricity through a transmission grid in rural areas. The effi ciency of the gasifi cation system is 15-17%. A gasifi cation system requires approximately 4 people per plant, which is lower than the number of employees that support a direct combustion system. Furthermore, local people can participate in plant operations through, for example, co-operative agriculture. Many private companies have developed and introduced the gasifi cation system; however, gasifi cation technology is not used widespread (Kumar et al. 2010 ) because gasifi cation technology is still not established for stable operation by many factors which are occurred by the characteristics of biomass material.
However, the gasifi cation plant is considered an adequate technology because it has a lower operational cost and smaller scale production system. In addition, the direct combustion plant requires large-scale initial cost, and a higher transportation cost for the collection and transportation of rice husk from adjacent rural areas. While the government promotes renewable energy use, on a small scale, government initiation is insufficient to encourage a gasifi cation system. Policy planners have no clear guidelines for small-scale farmers nor other risk assessment parameters, including environmental and greenhouse gas (GHG) emissions. Therefore, a policy maker must decide on the best choice between direct and gasifi cation systems based on benefi ts, opportunities, risks, and costs. Opportunities mean participation of people who are related to the introduction of a biomass energy plant. Evaluating the direct combustion and gasifi cation systems can be helpful in choosing the best system for introducing energy plants in rural areas.
There are many studies demonstrated the use of systematic approach as Analytic Network Process (ANP) to analyze for the determination of energy system. A decision support system was used for comparison of the electricity generation from different renewable energy technologies (Phdungsilp and Wuttipornpun 2011) . ANP to determine the suitability of existing and future power plants in Turkey was demonstrated (Atmaca and Basar 2012) . Alternative fuels for electricity generation in Turkey was evaluated using ANP (Köne and Büke 2007) . A model for sustainable Building Energy Effi ciency Retrofi t (BEER) under the energy performance contracting for hotel buildings in China was developed (Xu and Chan 2013) . ANP was applied to determine the method of waste energy recovery in order to enable valuable cost savings and great benefi ts to engine and environment (Liang et al. 2013) . In above mentioned researches, the decision support system using ANP is effective to compromise the different opinions. However there are limitations in policy to introduce biomass energy plants in rural areas considering environmental and social criteria. The advantages and disadvantages to introduce direct combustion and gasifi cation system in rural areas need to be discussed with hierarchy considering different criteria and alternatives.
Objectives
An evaluation for choosing the best biomass conversion system should focus on benefi ts and opportunities. However, risk assessment is also a major consideration, including environmental and GHG risks. A decision support system with an analytical hierarchy would aid in determining the best biomass conversion method from the different alternatives. Considering the various analytical hierarchies, ANP theory can include different criteria, sub-criteria, and alternatives for judging the best conversion method from rice husk in rural areas considering environmental and social problems for the rural areas. Therefore, the research herein was aimed at proposing a decision support system for introducing the most suitable rice husk energy plant in rural areas of Thailand using ANP theory.
Methodology
Establishment of the ANP model
An ANP model that considers criteria, sub-criteria and alternatives for environmental and social issues is proposed for rural areas in Thailand (Fig. 1 ). There are four primary criteria, including benefi ts, opportunities, risks, and costs (BOCR); four primary criteria include sub-criteria. The defi nitions for criteria and sub-criteria are as follows. -Initial cost (C i C ) i : This sub-criterion is the cost for introducing the biomass energy plant. This sub-criterion is related to the decision on introducing a biomass energy plant that is based on profi t.
-Running cost (C r C ) r : This sub-criterion is related to the amount of money spent on, for example, operating the plant or its components, maintenance, salary and wages, raw materials, and taxes.
Establishing ANP scenarios
For the ANP modeling, two scenarios were identifi ed for this study: industrial and cooperative scenarios. The direct combustion system was considered more ideal for the industrial scenario because direct combustion was a well-developed and commercially available technology. For industrial applications, direct combustion in large-scale plants was the most cost-effective use of biomass for power generation. Because the direct combustion system is well developed, such systems are reliable for investors. However, a direct combustion system requires construction of a vast amount of electrical transmission infrastructure to users. Nevertheless, direct combustion plants in certain areas have also been characterized by fl uctuating voltage and supply shortages. In certain areas of Thailand, problems with transmission loss produce electricity inaccessibility for households. To generate energy more sustainably, the cooperative scenario was designed. A cooperative scenario refers to an energy system that comprises small-scale energy conversion units located near energy consumers with a short transmission. A gasifi cation system is considered ideal for the cooperative scenario. The advantage of a gasifi cation system is that the energy source is immediately accessible for small areas. Moreover, this system is considered as an energy source that will income and employment as well as use of agricultural residues within communities (Ravindranath et al. 2004 ). The ministry of energy has funded support for a community biomass gasification system, because the technology for gasifi cation plants in rural areas is adequate. However, despite the governmental support for gasifi cation technology, the gasifi cation system has progressed at a slow pace because of inadequate knowledge and technical support. Therefore, the industrial and cooperative scenarios were designed to provide direction at the policy level for developing a strategic approach to sustainable energy development. The strategic approach may aid in identifying and discussing the problems with sustainable development in biomass energy plants. Herein, we applied feedback systems (Kinoshita 2000) to the ANP model because not only do criteria and sub-criteria affect alternatives, but the alternatives also affect the scenarios, and the scenarios affect criteria and sub-criteria.
Development of an ANP model
A conventional pairwise comparison was used to calculate the feedback systems for the ANP model. Fundamental scale of 1-9 for a pairwise comparison matrix (Saaty 1980 ) was used to determine the weight of each matrix element in a supermatrix. 
Where u ij is the weight comparison between criteria and alterj natives, i is the row, and j is the column. The evaluation matrix j W shows the alternatives (
and is expressed as follows.
Where w ij is the weight comparison between the alternatives j and criteria, i is the row, and j is the column. Every component j is weighted with its corresponding cluster matrix weight. 
Each matrix element of S weighted S S is positive, and the summation d for each column should be "1" as follows: 
When the numbers for a matrix element in each row except for zero have similar values, the supermatrix S reaches the fi nal S stage of calculation, and the matrix multiplication process is
and evaluates the ANP model. Total weight of v 1 , v 2 , v 3 , v 4 and v 5 equals 1. 
ANP model analysis
S weighted S S is expressed as follows based on weight of "Alternad tives", "Scenarios", and "Criteria" as
S weighted S S 3n+1 was then calculated as follows (Saaty 1980 , Kaku et al. 2009 ).
S limited was calculated using the following equation. 
Focus group discussion
Suphanburi and Nakhonsawan provinces of Thailand (Fig. 2) were found to be suitable areas for analyzing the potential for introducing a rice husk energy plant. Both provinces have the advantages of rice husk availability, a cultivated cycle (2-3 times/
year) and favorable geographic conditions (Table 1) . At the beginning of the fi eld survey, a focus group discussion was conducted with plant managers and experts. The focus group discussion was summarized based on criteria, sub-criteria and alternatives to establish the consideration of alternatives to present practices. The alternative assessment was necessary to compare the two systems (Table 2) For the biomass energy plant estimation, a potential number was calculated from the available rice husk supply in the Suphanburi and Nakhonsawan provinces. The rice husk residue in Suphanburi was 74,599 tons (Offi ce of Agricultural Economics 2010), which can produce 66 GWh of energy. The total available energy from the rice husk was calculated from the supply capacity. The capacity was 7,488 kW for a direct combustion system and 22,481 kW for a gasifi cation system. In Nakhonsawan, the available rice husk for power generation was 119,003 tons (Offi ce of Agricultural Economics 2010). Hence, the energy potential from the rice husk was approximately 105 GWh. The available capacity in Nakhonsawan was 11,946 kW for a direct combustion plant and 35,864 kW for a gasifi cation plant based on their effi ciencies. For the two systems' capacity, the capacity for a direct combustion system was designed at 8,000 kW given the maximum capacity potential from the available rice husk in the two provinces. However, the Therefore, this research included the highest capacity for gasification energy production in Thailand. Finally, the potential supply for rice husk energy plants was calculated: Suphanburi and Nakhonsawan had the potential for 1 direct combustion plant in each province, whereas Suphanburi had the potential for 50 gasifi cation plants, and Nakhonsawan had the potential for 80 plants.
Field survey
The rural areas that produce rice husk were considered for investigation. Therefore, this research was conducted in For criteria in selecting items, the results of questionnaire were separated to two types of answers. The fi rst type is the comparison type. Their answers were shown in Yes/No questions. And the second type is the explanation such as respondent's answers and opinions. Fig. 3 shows results of Yes/No questions from the respondents.
Sensitivity analysis
The ANP model shows the order of alternatives with weight 
Results and Discussion
Characteristics of respondents
The selected results of the questionnaire are shown in Fig. 3 .
There are two types of answers. The fi rst type is the comparison type. Their answers are shown in Yes/No questions (Fig. 3) .
However, all of the results were used in pairwise comparison.
At the beginning of the questionnaire, 34 of the respondents (97%) were aware of the renewable energy and global warming issues, but only 16 of the respondents (49%) were aware of biomass energy plants, while 51% had not (Fig. 3) It was not necessary to introduce a high-capacity biomass plant, when respondents compared the capacities of the biomass energy plants. In the fi eld survey, 69% of respondents preferred medium-to-small capacity biomass power plants that could serve the demand in rural areas, and 31% preferred high-capacity biomass energy plants given the reasonable cost of a high-capacity system. Most respondents also agreed with increasing employment in rural areas because a suffi cient number of available jobs for local people were the best way to solve the migration problem.
The initial cost of a direct combustion system (DC ( ( ) is higher than the initial cost of a gasifi cation system (GS). However, the technology of the direct combustion system (DC ( ( ) is reliable technology. So the private company can manage the direct combustion system (DC ( ( ), and make profi ts independently. The technology of the gasifi cation system (GS) is still developing technology. Then the private company hesitates to introduce it according to its economy. The gasifi cation system (GS) should be supported by the government for initial and running cost of it. Thus respondents were interested in the reliability of the old technology as like a direct combustion system (DC ( ( ) more than the new technology as like a gasifi cation system (GS). On the other hand, the respondents preferred high investment support from the government in a comparison between high investment support and low investment support from the government.
Because the respondents thought that high investment support could refl ect the future reliability of the technology even though it is a new technology in Thailand.
The results from the questionnaire comparing the two energy plant systems were then used to calculate the pairwise comparison in the ANP model.
Analysis results
The super matrix in Eq. (11) presented the results for S weighted S S , which demonstrated the relative importance for each element imported from the pairwise comparison. The entries for the weighted super matrix yielded the direct infl uence of any one factor on another factor. The weighted super matrix included zeros, which indicated no interaction. The questionnaire results, energy expert suggestions and alternative assessments were modifi ed to the 1-9 Saaty scale. The pairwise comparison for each element was then calculated. The weight comparisons between the scenarios alternatives, criteria, and sub-criteria were determined from the discussions with the energy experts and the questionnaire results.
The weight comparison for scenarios showed that the direct Costs-criterion did not strongly infl uence the cooperative scenario (0.10).
For the weight comparison of the alternative in sub-criteria of benefi ts (B ( ( ), the gasifi cation system (GS) had the highest weight for employment (B ( ( e ) and GHG reduction (B ( ( g B ), at 0.83 g g and 0.67 priority weights, respectively. However, the capacity for energy production (B ( ( c ) showed that direct combustion (DC ( ( ) was more suitable than a gasifi cation system (GS) given the effi ciency of a direct combustion plant in the alternative assessment with a 0.75 priority weight. This is because the direct combustion plant was more suitable for large scale of energy production and had more effi ciency. For sub-criteria of oppor- 
Analysis by criteria
The fi nal step of the ANP model is calculating the limiting priorities for the weighted supermatrix. According to the limiting supermatrix in Table 3, 
strong local communities. The highest priority criteria were benefi ts and risks with the same score (0.075) compared with the opportunities 0.052 score and costs 0.048 score. From the ANP model analysis, the gasifi cation system was preferable with a 0.149 score compared with the direct combustion system at a 0.101 score. The ANP model demonstrated that the gasification plant had an advantage compared with the direct combustion system. The results for sub-criteria of benefi ts showed that the highest priorities were GHG reduction with a 0.042 score compared with employment at 0.024 and capacity for energy production at 0.009. Thus, respondents were more concerned with reducing fossil fuels, GHGs, global warming and the climate. Most respondents also focused on GHG reduction more than the other two sub-criteria of benefi ts. To increase jobs and income, the employment sub-criterion was ranked second in importance under benefi t-criterion. Most of the respondents prefered optimum capacity to a large-capacity energy plant.
The results for sub-criteria of opportunities demonstrated that the participation of farmers, with a 0.040 score, was preferable over the participation of entrepreneurs, with a 0.013 score (Table 3 ). The participation of entrepreneurs is a way that entrepreneurs can interact with investors or fi nancial institutions.
However, the trend for sub-criteria of opportunities was affected by the strong relationship between the participation of farmers and a cooperative scenario to increase local community development.
The results from sub-criteria of risks demonstrated that environmental risk was the most important, with a 0.040 score, compared with technology reliability and material availability ( The results for sub-criteria of costs demonstrated that initial cost and running cost were equal with a 0.024 score (Table 3 ).
The initial cost and running cost are important in introducing an energy plant. The initial cost can be reduced with support from the government, international funds and loans from fi nancial institutions. There were many factors to consider in the running cost, including not only reliable technology but also the cost of maintenance, raw material transportation and storage. These results can be used to aid policy makers and local administration in decision making regarding energy plants in rural areas.
A sensitivity analysis was used to ensure the robustness of the ANP model results. The sensitivity analysis for most cases demonstrated that the alternatives were not changed based on sensitivity to criteria and sub-criteria primarily, because the gasifi cation system had high advantage to contribute the benefi t for rural areas and reduce environmental pollution compared with the direct combustion system. In other instances, the sensitivity analysis had no infl uence on the rating. As shown in Fig. 4 , the outcome from this analysis was very robust, even though the weight of participation of farmers as sub-criteria increased, the result had no effect. But, the preferred order of alternatives was changed based on the sensitivity analysis for only "capacity of energy production" as sub-criterion ( Fig. 5 ).
When the weight of "capacity of energy production" increased, priority for the gasifi cation system decreased. If the weight of "capacity of energy production" was over the value of 0.78, the direct combustion system (DC ( ( ) was considered more preferable than the gasifi cation system (GS). However, the weight of "capacity of energy production" as sub-criterion was very small at 0.009 in the ANP model. Then, fl uctuation for the weight of "capacity of energy production" in the weighting stage of the ANP model was practically not able to affect the preferred Therefore, the gasifi cation system was expected to be higher priority alternative as a biomass energy plant using rice husk based on this calculation in the research herein. And, the direct combustion plant was a suitable plant for large scale of energy production by its high effi ciency for its economy. The direct combustion plant had high reliability of its technology (Table 2) , therefore it is mainly used in Thailand to generate electricity using rice husk. Industrial scenario drives centralization of power plants using large initial cost for construction.
As a result, direct combustion system was more suitable energy plant from the benefi t and economy in an industrial scenario. The ANP modeling proposed herein provided important information for policy management for introducing not only choice between alternatives but also the new alternatives according to mixed rate between two different types of energy plants in rural areas of Thailand.
Conclusions
1) The ANP model was proposed as a tool to aid in the decision to introduce a biomass power plant using rice husk based on four criteria (benefi ts, opportunities, risks, and costs) and ten sub-criteria (capacity of energy production, employment, GHG reduction, participation of farmers, participation of entrepreneurs, technology reliability, environmental risk, material availability, initial cost, and running cost). And the feedback systems was applied to the ANP model to compromise many opinions and decisions based on the relationship between criteria, alternatives and scenarios in rural areas of Thailand for introducing biomass energy plants.
2) Specifi c data on the plant alternatives (direct combustion and gasifi cation systems) were calculated and determined using survey data from the Suphanburi and Nakhonsawan provinces in Thailand to objectively evaluate the ANP model. The most important criteria were benefi ts and risks But, the preferred order of alternatives did change based on the sensitivity analysis for only "capacity of energy production" as sub-criteria.
